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(54) Safety glass iirterlayer 

(57) An interlayer for safety glass including a polyvinyl chloride polymeric material has a glass transition 
temperature long vwithin the range of 18*0 to 2rc and a brittle point of -40'C or below, a laminate formed by 
sandwiching the interlayer between two sheets of glass having a log,o creep compliance transition of no 
greater than 4.25 at a reference temperarure of 150*C. The Interlayer is formed of a polyvinyl chloride and 
ethylene-containing polymer and a plasticizer composition comprising a mixture of dihexyl adipate and dioctyl 
sebacate and a polycaprolactone, the interlayer then being sandwiched between two sheets of glass and being 
bonded to the glass by means of a silane incorporated in the polymer. The composition may optionally include 
heat stabilisers, antioxidants and ultrcviolet radiation stabilisers. At least one of the sheets of glass mav be 
tinted and include at least one ultraviolet radiation absort>er. 
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POLYVINYL CHLORIDE SAFETY GLASS INTERLAYER 

The present invention relates to an interlayer for safety glass and. more particularly, 
to a polyvinyl chloride - containing poljrmeric material used as the basis for such interiayer. 

Safety glass is a well known temn for a glass sandwich conqrased of an interlayer 
bonding togetlwr two glass plates or sheets so that breaking the glass results in minimum 
disperaoi of broken glass fragments. The interlayer niust possess a number of pr ope rti es, 
including the following: high impact energy adsorpti(n to minimize concussive energy; 
shear and tear strength sufficient to prevent rupture of the interlayer by the broken glass; 
sufiBdent adhedon to the glass to inhibit laceratirai on contact with, and prevent dispersion 
of. broken glass; acceptable thermal heat stability and weatherabili^, and good optical 
qualities. The interiayer must possess these properties over the wide range of 
temperatures in which these lanunatcd glazings are used. 

It has been widely known to use a film of plasticized polyvinyl bu^ral as the 
interiayer material in safety glass for automobiles, air planes and building materials because 
of its high adhesiveness, transparency and good mechanical properties over a broad range 
of temperatures. However, the use of plasticized polyvinyl butyral films makes the 
production of laminated safety glass relatively expensive. 

The surface of plasticized polyvinyl butyral film is very tacky, and presents a problem 
of blocking at the time of windup after film formation. Thus, plasticized polyvinyl butyral 
film must be provided with some parting means if it is to be stored or transported in the 
form of stacks of die-cut blanks or in the form of rolls. Furthermore, the production of 
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pUstidzed polyvinyl butyial filim requires spedalised equipment aiKl, due to 
sensitivity to moisture, plastidzed polyvinyl butyral filins must generally be handled under 
controlled atmosphere conditions during manufacture, storage and immediatBly prior to 
their incoqmration into the laminated safety glass. This all adds to the expense of utiluung 
polyvinyl butyral films in laminated safety glass. 

Alternative interiajrer materials have been {Koposed. For instance. United States 
Patent No. 4277538 to Beckmann et al discloses a laminated safety glass employing a 
sheet of plasticized polyvinyl chloride (PVC) as the interlayer. The use of PVC would be 
advantageous in that it may be produced on conventional equipment and would be much 
less expensive to manufacture and process into a laminated safety glass when compared 
with polyvinyl butyral. 

However, there are several criteria which need to be satisfied if PVC is to be used as 
an interlayer in safety glass, particularly in the transpon field. For example the interlayer 
must have a low haze and a low yellowing index. The PVC must act as a carrier for the 
adhesive which is to be used to bond the interlayer to the glass. Moreovo-, the interlayer 
must have a glass transition temperature which is ideally in the region of 20**C Finally, if 
the interlayer is to be used in articles such as vehicle windscreens, it must be readily 
processable. 

Unfortunately, PVC on its own satisfies few, if any, of these criteria. It is extremely 
britde and therefore needs to be plasticized. It is also thermally unstable and a heat 
stabiliser needs to be admixed therewith. Even with the addition of a plasticizer and a heat 
stabiliser, the impact resistance of the material remains too low to enable it to be used in. 
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for example, a vehicle windscreen. Has latter problem could be oveioome by making the 
PVC film thicker. Unfoitunately, the additional diickness means that the film is too heavy 
to be used in windscreens. Additionally, thickening die fihn has a disadvantageous efifect 
on the optical properties of the film in that the amount of haze is increased as is the 
yellowing ind«c. 

If PVC on its own is unsuitable, it appears, at first sight, to be a logical stq> to look 
at co-poljrmers of PVC Such action does, indeed, have certain beneficial effects. For 
exanq>le, the processmg tenqierature, which is.effectively, the autodaving tBnq)erature if 
vehicle windscreens are being considoed, is reduced by using a PVC co-polyiiier. 
Moreover, the use of a co-polymer tends to increase the impact strength of the film, 
particularly if certain chemical groupings are present Additionally, die so-called "britde 
point** of the film is improved by using a PVC co-polymer. The brittle point is defined as 
being the temperature at which 50% of samples fail die ASTM D-746 intact test As will 
be appreciated by those skilled in the art. a better "brittle point" means that die 
temperature at which the samples fail the above test is lower. 

Unfortunately, co-polymers of PVC also have disadvantages over PVC perse. 
Many co-polymers melt at a lower temperature dian PVC on its own. This often means 
the heat stabiliQr of die co-polymer is worse. Haze is also a problem if co-p<rfymers arc 
used. Haze will inevitably result if diere is the slightest incon^tability between the 
conqionents of the co-polymer. In addition, the mixing of the components is of vital 
importance. If such mixing is not effected extremely accurately, it will be almost 
impossible to achieve a film having a low haze. 
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A co-polymer, on its own, will not, however, g?ve an interlayer made tfaerdhim the 
approixiate impact strength. Accordingly, plasticizers must be used and die choice of such 
plasticizers is of major importance. Rrst, die plasticizn must be fully compatible with the 
copolymer and many conventional plasticizers arc not The plasticizer diosen must also be 
capable of being intimately mixed with the PVC and, if present, die heat stabilizer if low 
haze is to be achieved 

If the plasticizer is transpOTted to the surface of the co-polynier. a "blo<Mn'* will 
appear on the sur&ce of the film and this is clearly undesirable. This isparticulady tiueif 
an adhesive is present, as will usually be the case. If there is a bloom on die fibn, adhesion 
in die bloomed areas will not occur. 

There arc a number of conventional plasticizers which can be used with PVC 
copolymers. However, they all exhibit one or more of die following disadvwtages :- 

(a) the impact strength of the film produced is not sufflciendy high to permit the 
use of such an interlayer in a vehicle windscreen particularly at low 
tenqieratures; 

(b) a high temperature is required for processing the film or, alternatively, die 
thermal stability of the material is so poor that it cannot be processed; 

(c) The creep compliance of the mixture is such that it is not possible to produce a 
laminated structure having acceptable optical properties: 

(d) it is not possible to mix the two polymers and die plasticizer sufficiendy well in 
order to ensure low haze; and 

(e) die rate of yellowing of the film in use is unacceptably fast 



When using a plasticizer or a mixtuie of plastidzeis, a major {mibiem arises in that if 
the teittle point of die interlayer is increased by so doing, die glass transition t e n a pera ture 
is also increased. Similarly, if the use of a plasticiza- causes a lowering of the brittle point, 
it also lowers die glass transition temperature. automotive applications, a glass 
tran^tion temperature of the order of IS^C to 20°C is necessary. The desired brittle point 
for such applications is of the order of -4S**C<H- lower. At tiiis point, it should be 
rennarked that the relevant figures for PVC on its own are af^nxiximately 95''C and 
approximately 60''C respectively. Moreover, even though it might be posable to select a 
plasticizer or mixtuie of plasticizers which provide the appropriate values, it has been 
found that such plasticizers adversely affect the optical properties of the interlayer to such 
an extent that the interiayer is totally unsuitable for use in vehicle windscreens. 

Accordingly, the present invention seeks to provide a plasticized PVC co-polymer 
which has a glass transition temperature and a brittle point which are acceptable when the 
polyuKr is used as the basis of the interlayer in a windscreen made from safety glass but 
which also can be processed to form a laminated structure at a temperature which is of the 
order of ISO^C. 

According to the present invention , there is therefore provided an interlayer formed 
of a co-polymer of PVC with ethylene, a plasticizer composition comprising a mixture of 
dihexyl adipate and dioctyl sebacate and a polycaprolactone. the interlayer having a glass 
transition temperature lying within die range of IS^C to 21**C and a britde point of -40**C 
or below, such that a laminate formed from the interlayer sandwiched between two sheets 
of glass has a creep compliance transition having a logio value of not more than 4.25 at a 
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lefeience temperature of ISO^C the interiayer being bonded to the glass by means of a 
silane inawporated in the polymer. 

The term "creep compliance transition" is used to give an indication of the transition 
of the matoial from a state of rubbeiy elasticity to a state of viscous flow. However, the 
term "creep compliance" is also used herein but in a manner which is slightly different to 
its nomially understood meaning. The creep of a material is deteiinined by plotting logio 
compliance against logio time (in seconds). The compliance is the reciprocal of the 
modulus of elasticity. When such a plot is produced, the curve genoally has a 
substantially horizontal pfvtion and a substantially vertical portion. The transition between 
these two parts of the curve is where the material begins to flow. The laminate is . 
produced in an autoclave and the autoclave has, generally, a fifteen nunuie cycle. It is 
therefore necessary for die creep or flow to occur before the end of such fifteen minutes. If 
the time can be reduced substantially below fifteen minutes, this means that the autoclaving 
tenq)aature can be reduced. Our aim, therefore, is to cause the creep or flow to take 
place as near to fifteen minutes as possible so as to give die minimum autoclave 
ten^rature. The term "creep compliance transition" as used herein denotes the 
temperature at which this is achieved. It is preferred if the logio value is no greater than 
4.25 at a reference temperature of 150*C- 

Prcferably, the PVC- containing polymer comprises a PVC resin having a degree of 
polymerisation of less than 1 000 in admixture with an ethylene containing resin. 
Advantageously, the ethylene-containing resin is a copolymer containing 84 mol% vinyl 
chloride and 16 mol% ethylene. 



Further preferably, the PVC resin is present in an amount of from S5 to 65 phr. 
DesiraUy, the ethylene-cbntaining resin is present in an iamount of from 25 to 35 phr. 
Further advantageously, the polycaprolactone is present in an amount of £rom 7 to 12 phr, 
optinoally 8phr. 

Further desirably, the dihcxyl adipate is {Hesent in an amount of from 10 to 15 phr, 
qitimally li^hr. Similarly, the dioctyl sebacate is desirably present in an amount of firom 
15 to 30 phr, optimally 28 phr. 

Still further advantageously, the silane is a secondary aminosilane. In such a case, it 
is desirable if die silane is an aromatic secondary aminosilane, particularly N-(3- 
trimetfaoxysilyl) propyl benzenanrim. 

Other materials may be present in the interiayer composition. Thus, for example, 
one or more of the following classes of materials may be present- 

(a) heat stabilisers; 

(b) antioxidants; 

(c) ultraviolet radiation stabilisers; 

The preferred heat stabilisers are organometallic salts such as salts of alkaline earth 
or selected transition metals. Such metals include aluminium, barium, cadmium, calcium, 
lead, magnesium, tin and zinc. The particularly fxefeired heat stabilisers are a mixture of 
zinc and barium salts or a mixbne of calcium and barium salts. If included in the 
composition, these heat stabilisers arc preferably present in an amount of 2 to 4 phr. 
Optimally 3 phr. Secondary heat stabilisers such as epoxidised soya bean oil may also be 
present in the composition in an amount of up to 5 phr. 
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The antioxidant, if included, is present in an amount of iq> to 1 phr, optinudly 0.5 
phr. Similaily, the ultraviolet radiation absoiber, if included, is present in an anKMmt of up 
to 0.5 phi. optimally 0.2 phr. The sUane incoqmrated in the polymer to cause adhesion of 
the glass to the polymer to form the laminate is present in an amount of up to I phr, 
optimally 0.75 phr. 

It is suiprising that the above-described system iHovides an intnlayer of suitable 
quality to be laminated with glass to form windscreens for automotive vehicles. We 
believe that it is the ccHnbination of features which provide die desired results and that 
these results could not be anticipated by those skilled in the art By way of explanation, 
we would point out that copolymers on their own will not provide the necessary impact 
strength. They must be plasticised and die necessary plasticisers must be capable of being 
intimately mixed with die copolyiner,conventional plasticisers such as dioctyl adipate and 
dioctyl phthalate were initially tried. Unfortunately, the creep compliance, in other words, 
the processing temperature needed to produce the laminate, was too high to produce 
lanunates having acceptable optical properties or the inq>act resistance was too low to be 
acceptable. Attempts were made to overcome these problems by increasing the amount of 
plasticiser employed to veiy high levels of the order of SO to 60 phr. This still proved 
unsuccessful. 

A different plasticizer, namely dihexyl adipate, was then tried. The use of such 
compound did, indeed, improve the low temperature impact resistance but, at the same 
time, the glass transition temperature fell to approximately 3*^0. In other words, whilst 
improving the impact resistance at low temperatures, the impact resistance at ambient 
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temperatare, say IS'C was considerably reduced. It therefore appeared inqxjssible to 
provide an interiayer having die desired properties. 

A nuxturc of plasiicizers was then tried. In particular, a mixture of dihexyl adq»te 
and ben^ butyl i^dialate was employed. Whilst diis improved oemin characteristics of 
the intnlayer. it adversely affected die creep compliance, that is to say, the processing 
tenperature, the optical qualiQr of die interlayer and also requited the fihn to be made 
exoesnvely thick to obtain the odier desired properties. 

An attnnpt was dien made to modify the PVC-ncontaining polymer. Howevn^, this 
also proved unsuccessful in tfiat certain properties could be inprovcd but only at the 
exprase of other jHxiperties. To give an example of the surprising aspect of die present 
invention, we utilised a specific PVC resin having a degree of polymerisation of 1300 and 
found that this was no better than any of die odier resins we had tried. However, we 
surprisingly found that the same resin differing only in diat it had a degree of 
polymerisation of 950 could provide die necessary jnDperties but only if die resin 
contained other specific iadditives. 

In particular, we found that die mixing of the PVC resin widi die vinyl chloride- 
ediylene comonomer had to be caref uUy controlled. Such resin and comonomer system 
needs to be plasdcised but any plasticizer added is preferentially taken up by die 
comonomers. The PVC resin is starved of plasticizer and will not, diercfore, mix well widi 
the comonomer. 

Moreover, we found it necessary to add a caprolactone to die rcsin-comonomer 
system. Caprolactones are known to be plasticizers for PVC and also to be processing 
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aids in diat they will lower the temperature at w^ch autodaving of a lanunate can be 
effected However, the amount of caprolactone used hitherto was geiwrally in the region 
of 1-2% by weight (corresponding, very approximately to 1-2 phr). It is well known that 
relatively large amounts of caprolactone accelerate the rate of haze formation and that as 
the amount of c2q)rolactone is increased, the glass transition tempersuure is decreased. 
Whilst we wish to attain a glass transition temperature of 18 to 20*C, we do not wish it to 
drop too low. To prevent this happening, the quantity of the other plastidzers in the 
system must be leduced but i by so doing, the cteep conq)liance and the biittle point of the 
lamifiated structure is adversely affected. Contrary to all expectations, we have found that 
if the caprolactone is present in an amount of about 10 phr, not only do we achieve the 
desired plasticity and processing temperature but also the laminate has good optical 
properdes, brittle point and glass transition temperature. 

The invoidon will be further described, by way of illustration only, with reference to 
die following non-limitative Examples. 
EXAMPLE 1 

An interlayer, approximately 0.8mm (30 to33mils) thick was made using the 
following formuladon :- 

Component phr 
SE950 PVC Resin ' 60 
VE-U* 30 
CAPA 650 \ 10 
Dihexyl adipate 12,8 
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Dioctyl sebacate 19.2 

UBZTPIO" 3 

Drapex6.8^ 5 

bganox 1010^ 0.5 

CPL46' 0.1 

Tuiuvin328 ' 0.2 

Y-9669' 1.0 
In the above list, "phr" denotes parts per hundred of resin. 

1. PVC resin having a degiee of polymerization of 950 avaUableftomShintech 
Inc. of Frceport, Texas. 

2. A copolymer resin (84% vinyl chloride - 16% ethylene monomer mixture) 
available from Sekisui Hne Chemical Co. Ltd. of Osaka, Japan 

3. Polycai^olactone resin available from Solvaylnterox 

4. A barium/zinc stabUizer package avaUablc from Bacrlochcr G.m.b.H. of 
Munich, Germany. 

5. Epoxidised soybean oil available from WitcoCoip. of Oakland, New Jersey. 

6 A hindered phenolic antioxidant available froniCiba-GeigyCoip. of 
Hawthorn, New York. 

7. A perchloratestabiUzer available from AsahiDenkaKogyoK.K. of Japaa 

8. Benzotriazole ultraviolet UghtstabiUzer available from Qba-Geigy Corp. 

9. N-(3-methoxysilyl) propyl benzenamine available from Union Carbide 
Corporation. 
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The above intBrlayer was produced by mixing die components in, imti^^ 
speed mixer and diea in an intensive shear-r^ mixer. Hie miixrs are b<^ healed so that 
the tenq)eratiire of die interlayer rises to approximately 160*C The intn-layer is dien 
subjected to the action of two sequential two-roll mills and is thereafter calendered. 
Laminates are then produced by applying glass sheets to opposed sides of the interlayor 
and are autoclaved at approximately ISO^C and at 240 psi widi a 45 nnnute hold time. 
Qear laminates were obtained which had the following properties :-. 

Adhesion, initial (pummel) 9 
Haze, initial 0.8% 
Heat Stability (yellowing index) 1.19 
The laminates had a brittle point of -4I*'C and a glass transition temperature of IS.O^'C 
The laminates also had a creep con^liance transition of 3.95. 
EXAMPLE 2 

Example 1 was repeated widi the exceptions that a) Baerlocher JD 60-2 was used 
instead of UBZ 7910, b) no Irganox 1010 was used and c) the amount of Tinuvin 328 was 
increased to 0.75 phr. Baerlocher JD 60-2 is a cakium/zinc stabilizer package also 
available firom Baerlocher G.m.b.H.. Again, clear laminates were produced having the 
following properties :- 

Adhesion, initial (pummel) 9 
Haze, initial 0.5 
Yellowing index 0.95 
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The brittle pdnt, glass transitioii temperature and the crcq) compliance transition of 
the laminates were identical to tfiose of Exan^k 1, that is to say, -41*C, IS-OX and 3.95. 

The interlayer may be sandwiched between two layers of glass, at least one of which 
is tinted and has good ultraviolet absorption properties. The colorant in the tinted glass 
may be selected ftom die group consisting of iron, cerium and titanium oxides or mixtiiies 
thereof. The ultraviolet transiiuttance of the tinted glass at 2. 1 nun is preferably below 
68%, ideally below 56%, in the range of 300 nm to 400 ran. 
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1. An intokyerfonned of a ohpolyina- of polyvinyl cMcnide wifli ethylene, a 
plasticizer composition coni{xising a mixture of dihexyl adipate and dioctyl sebacate 
and a polycapiolactone, the interlayer haying a glass transition temperature lying 
within the range 1 Z°C to 21®C a brittfc point of -40''C or below and a creep 
conq[>liance transition no greater than 4.2S Gogio) seconds at a reference 
ten^rature of 150*C. 

2. An interlayer as claimed in claim 1 in which the polyvinyl chloride containing 
polymer comprises a polyvinyl chloride resin having a degree of polymerisation of 
less than 1000 in admixture with an ethylene containing resin. 

3. An interlayer as claimed in claim 1 or 2 in which the ethylene containing resin is a 
copolywes containing 84 mol% vinyl chloride and 16 mol% e%lene. 

4. An interlayer as claimed in any one of claims 1 to 3 in which the polyvinyl chloride 
resin is present in an amount of from 55 phr to 65 phr. 

5. An interlayer as claimed in any preceding claim in which the ethylene containing 
resin is present in an amount of from 25 phr to 35 phr. 
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6. An interlayer as daimed in any {seceding claim in wtdch the polyopiolactone is 
present in an amount of firom 7 phr to 12 {dir. 

7. An interlayer as daimed in daim 6 in which die polyc^rolactone is present in an 
amount of 8 phr. 

8. An interlayer as daimed in any preceding claim in which the dihexyl adipate is 
present in an amount of from 10 phr to IS phr. 

9. An interlayer as daimed in daim 8 in which this dihexyl adipate is present in an 
amount of 12 phr. 

10. An interlayer as claimed in any preceding claim wherein the dioctyl sebacate is 
present in an amount of from 15 phr to 30. phr. 

11. An interiayer as claimed in claim 10 in which the dioctyl sebacate is present in an 
amount of 28 phr. 

12. An interlayer as daimed in any preceding claim wherein the silane is N-(3- 
trimethoxysilyl) propyl benzenamine. 
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13. An interlayer as claimed m daim 12 ^eidn the N-(3-triinethoxysilyl) propyl 
beozenamine is present in an amount of 1 phr. 

14. An inteilayeT as claimed in any preceding claim additionaUy containing at least one 
material selected ftom the group consisting of heat stabilisers, andoxidants and 
ultraviolet ladiation stabilisers. 

15. An interlayer as claimed in claim 13 in which the heat stabiliso- is an otganometallic 
salt 

16. An interlayer as claimed in claim 15 in which the organometallic salt is a salt of a 
metal selected from the group consisting of alununium, barium, cadmium, calcium, 
lead, magnesium, tin and :dnc and mixtures thereof. 

17. An interiayer as claimed in claim 16 in which the heat stabiliser is a mixture of zinc 
and barium salts. 

18. An interlayer as claimed in claim 16 in which the heat stabiliser is a mixture of zinc 
and calcium salts. 

19. An interlayer as claimed in any one of claims 15 to 18 in which the heat stabiliser is 
present in an annount of from 2 phr to 4 phr. 
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20. An interiayer as claimed in claim 19 in which the heat stabiliser is present^ 
amount of 3 phr. 

21. An intetiaycr as claimed in any one of claims IS to 21 additionally including a 
seccndaiy heat stabiliser in the forai of epoxidised soybean oil 

22. An interlayer as claimed in claim 21 in whidi the epoxidised soybean oil is present in 
an amount of up to S phr. 

23. An interlayer as claimed in any one of claims 14 to 22 in which the antioxidant is 
present in an amount of up to 1 phr. 

24. An interlayer as claimed in claim 23 in which the antioxidant is present in an amount 
of 0.5 phr. 

25. An interlayer as claimed in any one of claims 14 to 24 in which the ultraviolet 
radiation absorber is present in an amount of up to 0.5 phr. 

26. An interlayer as claimed in claim 25 in which the ultraviolet absorber is present in an 
amount of 0.2 phr. 
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27. An interiayer as claimed in any preceding claim sandwiched beitween two sheets of 
glass, at least one of the sheets being a tinted glass inclixling cne or more colorants, 
at least one of the colorants being an absorber of ultraviolet radiation. 



28. An interiayer as claimed in claim 27 in which die ultraviolet absorber in the tinted 
glass is selected from the group oxisisting of oxides of iron, cerium and titanium and 
mixtures thereof. 



29. An inteilayer as claimed in claim 27 or 28 in which the tinted glass has an ultraviolet 
transmission of less than 68% over the range of 300 nm to 400 nm at a thickness of 
2.1 nm. 



30. An interiayer as claimed in claim 29 in which the absorber has an ultraviolet 

transmission of less dian 56% over the range of 300 run to 400 nm at a thickness of 
2.1 mm. 



31. An interiayer as claimed in claim 1 substantially as hereinbefore described with 
reference to the foregoing Examples. 
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